Undertaking the study of behaviour of a BPS monopole moving in the field of another BPS monopole, in moduli space, Dirac's equation has been solved for energy eigen values and it has been shown that spin momentum of an interacting BPS monopole behaves as extra energy source. Introducing suitable spinors, the Pauli equation for a BPS monopole moving in the field of another BPS monopole has been solved in moduli space and it has been shown that adhoc introduction of spin in the system of two BPS monopoles perceptibly modifies the energy eigen values and eigen functions of bound states of the system.
INTRODUCTION
Apart from 't Hooft-Polyakov (1, 2) non-Abelian monopole Bogomol'nyi-PrasadSommerfield (BPS) monopoles (3) have attracted much attention in a variety of contexts in theoretical and mathematical physics (4) and more recently in pure mathematics BPS monopoles provide a three-dimensional example of topological solitons of Bogomol'nyi type; they are static, finite energy solutions of classical field equations and stable because their energy attains a lower topological bound, the Bogomol'nyi bound. Much progress in understanding of the dynamics of such solitons has been made over the past decade using the idea of moduli space approximation (5) . In this scheme one approximates the slow motion of several interacting solitons by geodesic motion on the Riemanian manifold of static multi-soliton solutions. To quantise, one works in the Schrodinger picture: wave functions are complex valued functions on the moduli space and the quantum Hamiltonian is taken to be proportional to the Laplace-Beltrami operator (6) . In general the mathematical analysis of moduli space is still very difficult problem, but in the case of two BPS monopoles one could exploit special properties, in particular the hyperkahler property of the metric, and obtained sufficient information about the moduli space to calculate geodesics and to study the Laplace operator in some detail. The analysis of the moduli space is summarised in the recent book by Atiyah and Hitchin (7) and the paper of N. Seiberg (8) . Jackiw and Rebbi first observed that the Dirac operator coupled to a t' Hooft-Polyakov monopole has zero modes (9) and gave a physical interpretation of them; later Callias (10) rigorously proved an index theorem for the Dirac operator in the background of a general BPS (multi-) monopole. Undertaking the study of monopoles and dyons in moduli space we (11) have analyzed the extended structure of non-Abelian dyons and obtained the structure for dyonic mass and electric and magnetic fields in the interior region of dyon and showed that when collective coordinates of monopoles are time dependent it acquires momentum and electric charge and become a moving dyon. We have also analyzed the connection of moduli space of monopoles with normalized bosonic and fermionic zero modes (11) . We have undertaken the study of kinematics and monodromies around singularities in quantum moduli space of fourdimensional N=2 supersymmetric theory and obtained spectra of BPS state in weak and strong coupling regions (12) . In the present paper, we have undertaken the study of Pauli equation for BPS monopoles in moduli space and showed that the interaction of spin and the potential leads to an extra-energy expressible in terms of spin momentum of the particle concerned. Analyzing Dirac equation in moduli space, the study of interaction of spin and orbital angular momentum has been undertaken. We have also undertaken the study of a BPS monopole moving in the field of another BPS monopole by introducing suitable spinors and bound states energy eigen values and eigen functions have been obtained in moduli space.
BEHAVIOUR OF A BPS MONOPOLE IN THE FIELD OF ANOTHER BPS MONOPOLE
Our standard references for background material on BPS monopoles will be the book by Atiah and Hitchin (7) and the paper by Gibbons and Manton (6) . We follow the notational conventions adopted there and denote by A i , i = 1, 2, 3, the cartesian components of an SU(2) gauge potential r A on R and by 3 Φ a Higgs field in the adjoint representation of SU(2). More specifically, writing su(2) for the Lie algebra of SU(2), we have four maps ( )
We use the gauge potential to define the covariant derivative
where g is the magnetic charge of BPS monopole and the curvature is given by
We shall often refer to the gauge group SU(2) as the isospin group and use a basis T a (a = 1, 2, 3,) of su (2) 
... (1) and the base point condition
The group G of gauge transformations is, by definition, the space of maps which satisfy the base point condition
G acts freely on A and dividing by the action, we obtain the true configuration space We introduce the notation for the space of all k-monopoles. is an infinite dimensional manifold on which the group G acts freely. Quotienting by this action, we obtain the moduli space which is differentiable manifold of dimension 4k. It has a natural Riemannian metric introduced from the Yang-Mills-Higgs (YMH) kinetic energy functional and it has been explained X k X k X k M k (7) why equipped with this metric is a hyperkahler manifold. Since is precisely the subset of
℘on which the potential energy functional V is minimal for given k, it is a natural candidate for the configuration space of a truncation of the YMH theory in the topological sector with winding number k. Manton et. al (4) have given the interpretation of the 4k parameters and the moduli space of a single monopole. is a flat manifold of the form
... (6) with R and S 
.. (7) where is the mass of BPS monopole while is defined by equation (4.2) and Specifically, we consider SU(2) gauge potential which are independent of
It may be checked that this equation is equivalent to the Bogomol'nyi equation if the fourth component of the gauge potential is identified with the Higgs field, We can obtain five 4
really transforms under a spinor representation of SO(1, 4) but we can think of it as an S0 (1, 3) spinor by restricting to the Lorentz transformations in ( ) (
respecting the condition x 4 = 0. Dirac's equation for a BPS monopole moving in an external field of another BPS monopole may then be written as
Multiplying by Γ 4 , we get
Using and using equation (9), we get from equation (11):
The relativistic energy of the particle includes also its rest energy m 1 c 2 . This must be excluded in arriving at the non-relativistic approximation and we therefore replace ψ by a function ' defined as follows:
Substituting where ,
... (13) From equation (13) we get
In the first approximation, only the term is retained on the left hand side of (15), which gives 
This can also be written as
where 1 2m
is defined as Bohr magneton for the system and (14) and (15), we find
We calculate from (25) the function η up to terms of first order in ( ) 
... (26) which on simplification gives the following expression for energy operator (Hamiltonian) in the first approximation;
.
..(27)
The expression for Hamiltonian, in second approximation, can be derived by using another function ξ χ û = the normalization of which up to second order leads to the following value of factor $ u Substituting this expression in to equation (29), we find the spin-orbit interaction operator for the motion of a spin-1/2 particle in a spherically symmetric field: which clearly demonstrates that, besides the contribution of Higgs field, the interaction of spin and orbital angular momenta of moving BPS monopole also contributes to the energy operator.
PAULI EQUATION FOR A BPS MONOPOLE IN THE FIELD OF ANOTHER BPS MONOPOLE IN MODULI SPACE
For analyzing the motion of BPS monopole in the field of another BPS monopole with the inclusion of spin effect, let us start with the following Schrodinger equation of a spinning BPS monopole in the field of another BPS monopole in moduli space;
where is $
∇ ( )
will be treated as small 
Thus the Pa li wave equat on becomes u i 
In the absence of the spin -orbit interaction, both the wave functions correspond to the same energy. We can determine the splitting due to spin-orbit interaction choosing a representation in which is diagonal Then the first order perturbation due to the spin-orbit interaction would be given by Equation (53) gives the splitting of energy levels corresponding to quantum number n for j = l + 1/2 and j = l -1/2, respectively.
CONCLUSION
Equation (10) is Dirac's equation for BPS monopole moving in the field of another BPS monopole in moduli space, which on solving gives Pauli's equation (17) for BPS monopoles. Equation (18) describes the extra spin contribution in the energy gained by BPS monopole while moving in the field of another BPS monopole, which has been interpreted in terms of Bohr magneton and spin moment, through equations (20) and (21) respectively. Equation (28) is the relativistic Hamiltonian, for BPS monopole in the field of another BPS monopole, different parts of which arises due to different relativistic interactions. Hamiltonian of this system has been shown in terms of Higgs potential instead of scalar potential in our recent papers in abelian as well as in non-Abelian gauge theories (14) due to moduli space approximation. Equation (31) is the Schrodinger for a spinning BPS monopole in the field of another BPS monopole in moduli space; spin has been introduced in an adhoc manner in this equation. Equation (45) described the energy eigen value of this system and equations (46) and (47) described the Pauli wavefunction associated with spinning BPS monopoles in moduli space. Equation (53) is splitting of energy levels corresponding to quantum number n and equation (54) is Bohr radius for interacting BPS monopole in moduli space.
